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Abstract
Background  and  objective:  The  use  of  ultrasound  for  needle  correct  placement  and  local  anes-
thetic spread  monitoring  helped  to  reduce  the  volume  of  local  anesthetic  required  for  peripheral
nerve  blocks.  There  are  few  studies  of  the  minimum  effective  volume  of  local  anesthetic  for
axillary  brachial  plexus  block.  The  aim  of  this  study  was  to  determine  the  minimum  effective
volume  (VE90)  of  0.5%  bupivacaine  with  epinephrine  (1:200,000)  for  ultrasound  guided  ABPB.
Method:  Massey  and  Dixon’s  up-and-down  method  was  used  to  calculate  the  minimum  effective
volume. The  initial  dose  was  5  mL  per  nerve  (radial,  median,  ulnar,  and  musculocutaneous).  In
case  of  blockade  failure,  the  volume  was  increased  to  0.5  mL  per  nerve.  A  successful  blockade
resulted  in  decreased  volume  of  0.5  mL  per  nerve  to  the  next  patient.  Successful  blockade
was  deﬁned  as  a  motor  block  ≤2,  according  to  the  modiﬁed  Bromage  scale;  lack  of  thermal
sensitivity;  and  response  to  pinprick.  The  achievement  of  ﬁve  cases  of  failure  followed  by
success  cases  was  deﬁned  as  criterion  to  complete  the  study.
Results:  19  patients  were  included  in  the  study.  The  minimum  effective  volume  (VE90)  of  0.5%
bupivacaine  with  1:200,000  epinephrine  was  1.56  mL  (95%  CI,  0.99--3.5)  per  nerve.
Conclusion:  This  study  is  in  agreement  with  some  other  studies,  which  show  that  it  is  possi-
ble to  achieve  surgical  anesthesia  with  low  volumes  of  local  anesthetic  for  ultrasound-guided
peripheral nerve  blocks.
© 2013  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  
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or upper  limb  surgical  procedures.  Axillary  brachial  plexus
lock (ABPB)  is  one  of  the  most  commonly  used  techniques  to
chieve upper  limb  regional  anesthesia  and  it  is  performed
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y  blocking  the  terminal  branches  of  the  brachial  plexus,
hich include  the  musculocutaneous,  ulnar,  median,  and
adial nerves.  It  was  believed  that  the  failures  or  incomplete
lockade due  to  this  technique  were  the  result  of  needle
alposition or  brachial  plexus  septa  in  the  axillary  region.1--3
o  increase  the  success  rate,  volume  up  to  80  mL  have  been
eported.4 However,  the  use  of  large  volumes  of  local  anes-
hetic increases  the  likelihood  of  systemic  toxicity.5,6 Thus,  a
ossible technique  to  prevent  this  complication  and  increase
atient safety  would  be  to  reduce  the  mass  of  the  local
nesthetic used  during  the  procedure.
Currently,  technologies  such  as  peripheral  nerve  stimu-
ator and  ultrasound  ensure  the  needle  correct  positioning
n relation  to  the  complex  and  reduce  the  need  for  high
olumes of  local  anesthetic.7--13 Some  studies  have  shown
hat the  use  of  ultrasound  reduced  the  volume  of  local  anes-
hetic for  interscalenic  brachial  plexus  block,  femoral  nerve
lock, and  ilioinguinal/iliohypogastric  nerve  block  without
ompromising the  quality.  However,  there  are  few  studies
f the  minimum  effective  volume  of  local  anesthetic  for
BPB. Therefore,  this  study  was  performed  in  order  to  calcu-
ate the  minimum  effective  volume  of  5%  bupivacaine  in  90%
VE90) of  cases  receiving  ultrasound-guided  axillary  brachial
lexus block.
ethod
tudy  conducted  at  the  surgical  center  of  the  Hand  and
pper Limb  Unit,  with  the  coordination  of  the  anesthesia
ervice for  the  anesthesiology,  intensive  care  and  pain  dis-
ipline, Universidade  Federal  de  São  Paulo/Escola  Paulista
e Medicina,  from  December  2011  to  June  2012.  The
tudy was  registered  at  Clinicaltrials.gov  under  the  number
CT01421914.
After approval  by  the  Ethics  Committee  of  the  Universi-
ade Federal  de  São  Paulo,  patients  scheduled  to  undergo
and surgery  were  invited  to  participate  in  the  study.  Inclu-
ion criteria  were  age  over  18  and  under  65  years,  informed
onsent (IC)  signed  by  the  patient,  indication  for  brachial
lexus block  (anesthesia  and  analgesia)  in  candidates  for
lective hand  surgery  lasting  less  than  2  h,  ASA  physical
tatus I  or  II  according  to  the  American  Society  of  Anesthe-
iologists, and  body  mass  index  (BMI)  <35  kg/m2.  Exclusion
riteria were  cognitive  impairment  or  active  psychiatric
ondition, infection  at  the  blockade  puncture  site,  bleeding
isorders, and  history  of  allergy  to  bupivacaine.
rotocol  design
fter  inclusion  in  the  study,  all  patients  had  their  demo-
raphics recorded,  followed  by  routine  surgical  monitoring
ith ECG,  noninvasive  blood  pressure,  and  pulse  oximetry.
ntravenous access  was  made  in  the  upper  limb  contralateral
o the  procedure  and  maintained  with  crystalloid  infusion.
Axillary  brachial  plexus  block  was  performed  using  ultra-
ound (M-Turbo  R  System  with  HFL  38×  linear  transducer
--13 MHz,  SonoSite,  Bothell,  WA  USA)  and  a  peripheral
erve stimulator  (Stimuplex  R  DIG  RC,  B.  Braum,  Mell-
ung, Germany),  with  the  patient  in  the  supine  position.
he needle  used  was  a  22  G  ×  50  mm  (AEQ2250,  BMD  Group,
enezia, Italy).  After  disinfection  and  skin  antisepsis  with
ﬁ
t
l
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hlorhexidine,  the  puncture  site  was  inﬁltrated  with  1%
idocaine. After  brachial  plexus  nerve  visualization  using
ltrasound, the  identiﬁcation  of  structures  was  conﬁrmed
ith a peripheral  nerve  stimulator.  A  starting  dose  of  5  mL  of
.5% bupivacaine  with  1:200,000  epinephrine  was  injected
round each  nerve.  The  needle  was  repositioned  during  local
nesthetic injection,  and  epidural  injection  was  ensured  by
ltrasound image.  The  patient  would  have  been  removed
rom the  study  if  there  were  a visual  change  in  nerve  diam-
ter or  if  there  were  a  signiﬁcant  pain  during  injection.
n these  cases,  patients  were  followed  postoperatively  for
ossible intraneural  injection.
The  end  of  local  anesthetic  injection  was  considered  time
ero to  assess  the  blockade  effectiveness.  An  observer  who
as not  present  during  the  procedure  and  was  blinded  to
he volume  of  anesthetic  used  evaluated  the  nerve  blocks
tudied. This  assessment  was  done  every  ﬁve  5  min  until  sur-
ical anesthesia  was  achieved  or  up  to  30  min  after  local
nesthetic injection.
The  blockade  success  or  failure  led  to  the  reduction  or
ncrease in  the  volume  of  local  anesthetic  for  the  next
atient, respectively.  When  the  blockade  was  considered
ffective, the  subsequent  patient  received  a reduction  of
.5 mL  in  the  local  anesthetic  volume.  In  case  of  block-
de failure,  patients  received  supplemental  block  at  the
lbow level,  and  the  local  anesthetic  volume  for  the  next
atient was  increased  by  0.5  mL.  After  blockade  evalua-
ion, the  patients  were  released  to  the  surgical  procedure.
uring the  surgical  procedure,  patients  received  propofol
5--25 mcg/kg/min  for  sedation.  Moreover,  if  the  patient
eported pain  during  the  procedure,  the  blockade  was  con-
idered as  a failure  and  general  anesthesia  was  performed.
After  surgery,  the  patient  was  admitted  to  the  post-
nesthesia care  unit  (PACU)  and  remained  monitored  (ECG,
oninvasive blood  pressure,  and  pulse  oximetry)  until
eeting the  required  conditions  for  outpatient  discharge.
ostoperative analgesia  was  assessed  in  the  PACU  using  a
isual analog  scale  3  h  after  the  blockade.
ssessment  of  ABPB  success
 successful  blockade  was  considered  when  there  were
otor function  ≤2  according  to  the  modiﬁed  Bromage  scale,
ack of  thermal  sensitivity  and  response  to  pinprick  in  the
egions of  the  median,  ulnar,  musculocutaneous,  and  radial
erves. Furthermore,  the  procedure  should  be  done  with-
ut additional  analgesia  to  conﬁrm  the  anesthetic  procedure
uccess.
ssessment  of  motor  function
or  motor  function  evaluation,  the  modiﬁed  Bromage  scale
as used  (Table  1).
The  following  tests  were  used  to  assess  motor  function:nger ﬂexion  (median  nerve),  wrist  extension  (radial  nerve),
humb adduction  (ulnar  nerve),  and  elbow  ﬂexion  (muscu-
ocutaneous nerve).  Values  ≤2  according  to  the  modiﬁed
romage scale  were  considered  successful  blockade.
Ultrasound-guided  axillary  brachial  plexus  block  51
Table  1  Modiﬁed  Bromage  scale.
Grade  Deﬁnition
4  Full  muscle  strength  in  relevant
muscle groups
3  Reduced  strength,  but  able  to  move
against  resistance
2  Ability  to  move  against  gravity,  but
not  against  resistance
1  Discrete  movements  (trembling)  of
muscle  groups
Table  2  Demographic  characteristics  of  patients.
Age  (years)  36.5  (27.5--46.5)
Gender  (M:F)  14:5  (M:F)
ASA
I  12
II 7
Table  3  Distribution  of  surgical  procedures.
Procedures  n  (%)
Metacarpal  fracture 5  (26)
Synthesis  material  removal 1  (5)
Extensor  injury  3  (16)
Scaphoid  fracture  repair  1  (5)
Synovectomy  3  (16)
Dupuytren  2  (11)
Flexor  injury  1  (5)
Pseudoarthrosis  of  the  phalanx  2  (11)
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The  median  latency  of  effective  blockades  was  20  min
(10--30). When  only  the  blockades  with  volumes  of  1  mL  were
considered, the  median  latency  was  25  min  (20--30).  For
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Assessment  of  thermal  sensitivity
The  evaluation  of  upper  limb  thermal  sensation  was  made
with gauze  and  alcohol  to  test  the  sensitivity  of  the  der-
matomes innervated  by  the  ulnar  (hypothenar  eminence),
median (thenar  eminence),  radial  (dorsum  of  the  hand),  and
musculocutaneous (base  of  the  ﬁrst  metacarpal)  nerves.  The
cold sensation  was  regarded  as  1  and  lack  of  cold  sensation
as 0.  A  successful  blockade  was  considered  when  there  was
no perception  of  cold  in  the  dermatomes  studied.
Assessment  of  pain  sensitivity
The  evaluation  of  upper  limb  pain  sensation  was  performed
with the  pinprick  test  using  a  23G  needle  to  test  sensitivity
at the  dermatomes  areas  of  the  ulnar,  median,  musculocu-
taneous, and  radial  nerves.
Positive  response  to  pinprick  was  considered  as  1  and
lack of  response  to  pinprick  as  0.  A  successful  blockade  was
regarded as  the  lack  pinprick  sensation  in  the  dermatomes
evaluated.
Criteria  to  complete  the  study
The  criterion  to  complete  the  study  was  deﬁned  as  the
achievement of  ﬁve  cases  of  failure  followed  by  success
cases.
Statistical  analysis
The  minimum  effective  volume  of  0.5%  bupivacaine  was  esti-
mated using  the  up-and-down  sequences  proposed  by  Dixon
and Massey,  focusing  on  analysis  of  the  minimum  effective
volume with  50%  probability  of  an  effective  nerve  block.14,15
Subsequently,  the  sequences  were  also  evaluated  using  pro-
bit regression  to  determine  the  effective  volumes  in  90%
of cases.  Nonparametric  data  were  expressed  as  median
and quartiles  (P25--P75).  Categorical  data  were  expressed  as
absolute and  relative  frequencies.  Calculations  were  made
in Microsoft  Excell  spreadsheet  for  WindowsTM  (Microsoft
Corp., Redmond,  WA,  USA)  and  GraphPad  PRISMTM  for  Win-
dows (GraphPad  Software  Inc,  San  Diego,  CA,  USA).
F
o
fExcision  of  bone  tumor  1  (5)
Duration,  min  (P25--75)  65  (50--77.5)
esults
he  study  protocol  included  19  patients.  In  all  patients  it was
ossible to  visualize  the  anatomical  structures  relevant  to
he blockade.  The  study  ended  when  there  was  a  sequence
f ﬁve  cycles  of  failure/success.  The  demographic  charac-
eristics of  patients  and  surgical  procedures  performed  are
hown in  Tables  2  and  3,  respectively.
The  sequence  of  positive  and  negative  responses  to
he blocks  in  consecutive  patients  is  shown  in  Fig.  1.  The
E90 of  0.5%  bupivacaine  with  1:200,000  epinephrine  for
ltrasound-guided axillary  brachial  plexus  block  was  1.56  mL
95% conﬁdence  interval  [CI]:  0.99--3.5).igure  1  Graphical  representation  of  the  up-down  sequence
f subsequent  patients.  (  ),  effective  blockade;  (  ),  blockade
ailure.
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R2  
urgical  procedures  in  which  blockades  were  made  with  1  mL
er nerve,  the  median  duration  was  60  min  (35--75).  Duration
f sensory  and  motor  block  was  not  assessed  in  this  study.
The  surgical  procedure  was  uneventful  in  all  patients  in
hom the  blockade  was  considered  successful,  and  there
as no  need  for  additional  anesthetic.
Regarding  postoperative  analgesia,  no  patient  reported
ain up  to  3  h  after  the  blockade.  There  were  no
omplications such  as  vascular  puncture  or  local  anesthetic
ntoxication during  the  study.  All  patients  were  discharged
n the  same  day  of  the  procedure  and  there  was  no  case  of
ospital readmission.
iscussion
n  modern  practice  of  regional  anesthesia,  reductions  in  the
olume and  dose  of  local  anesthetic  have  become  important
trategies to  prevent  systemic  toxicity  by  local  anesthetics.
Therefore,  the  use  of  ultrasound  to  guide  the  precise
ocation of  local  anesthetic  injection  in  peripheral  nerve
locks has  become  increasingly  frequent.  The  advancement
n ultrasound  equipment  and  methods  enabled  the  identiﬁ-
ation of  vascular  and  neural  structures  with  high  accuracy,
eneﬁts compared  to  classical  techniques,  lower  failure
ate, and  reduction  of  local  anesthetic  dosage.16
The  axillary  approach  to  brachial  plexus  block  was  chosen
or this  study  because  it  is  one  of  the  most  used  techniques
n clinical  practice.  Considering  the  territory  of  anesthesia
rovided by  this  blockade,  only  patients  undergoing  surgical
rocedures in  the  hands  were  selected.
Due  to  lack  of  knowledge  about  the  blockade  duration
ith low  volumes  of  bupivacaine,  it  was  decided  to  select
rocedures lasting  less  than  2  h.
This study  demonstrated  that  with  the  use  of  ultrasound
t is  possible  to  perform  the  brachial  plexus  block  achieved
y axillary  approach  with  a  minimum  effective  volume  of
.5% bupivacaine  with  1:200,000  epinephrine  (1.56  mL)  for
ach nerve  in  hand  surgery.
O’Donnel  and  Iohom  reported  effective  blockade  of  the
rachial plexus  via  axillary  route  with  1  mL  of  2%  lidocaine
ith 1:200,000  epinephrine  per  nerve.  However,  one  of
he study’s  limitations,  reported  by  the  authors,  was  the
hoice of  superﬁcial  procedures  such  as  synovectomy  or
enorraphies.17 Marhofer  et  al.  described  the  ABPB  with  sim-
lar volumes  of  1%  mepivacaine. 18 However,  this  was  just  a
olunteer study  in  which  surgical  anesthesia  was  assessed
nly by  pinprick  test.  In  our  study,  even  with  low  doses
f local  anesthetic,  it  was  possible  to  perform  superﬁcial
rocedures, such  as  thumb  extensor  injury,  and  surgery
ith bony  structures  management,  such  as  third  and  fourth
etacarpal fractures,  showing  that,  despite  the  decreased
ose, it  was  also  possible  to  perform  procedures  involving
eep structures  of  the  hand.
The  choice  of  bupivacaine  was  made  due  to  its  phar-
acokinetic characteristics,  which  provide  longer  lasting
lockade compared  to  lidocaine.  On  the  other  hand,  block-
des with  higher  latency  were  achieved  when  compared  with
he results  from  the  study  by  O’Donnell  and  Iohom.17
According  to  Hadzic,  the  use  of  low  volumes  of  local
nesthetic may  result  in  intraneural  injection  because  it  is
ifﬁcult to  visualize  an  increase  in  nerve  diameter  in  thisL.H.C.  Ferraro  et  al.
ituation.19 In  order  to  avoid  this  complication,  the  visual-
zation of  nerve  and  adjacent  structures,  as  well  as  local
nesthetic spread  by  ultrasound,  is  an  important  factor.
Our  study  reafﬁrms  that  the  minimum  effective  volume
or ABPB  is  smaller  than  that  described  previously.  One
ossible explanation  for  this  fact  is  that  with  the  aid  of  ultra-
ound, it  is  possible  to  perform  a  dynamic  blockade,  which
nvolves the  entire  nerve  periphery  with  local  anesthetic.
he ultrasound  allows  the  anesthesiologist  visualization  of
he nerve  during  the  blockade,  which  allows  redirection  of
he needle  and  local  anesthetic  injection  in  the  entire  nerve
eriphery, allowing  effective  blockades  with  low  volumes  of
ocal anesthetic.
Some studies  have  shown  that  low  doses  of  local  anes-
hetic decreased  the  blockade  duration,  deﬁned  as  the  time
etween the  onset  of  blockade  installation  and  the  return  of
otor and  sensory  functions.20 A  limitation  of  our  study  was
hat we  did  not  assess  the  blockade  duration  with  0.5%  bupi-
acaine, we  just  found  that  the  blockades  with  low  doses
f local  anesthetic  were  sufﬁcient  to  perform  the  proce-
ures with  less  than  2  h  duration  and  that  all  blockades  had
 latency  less  than  or  equal  to  30  min.
The use  of  low  doses  of  local  anesthetic  provides  a
afer blockade,  with  less  risk  of  complications,  especially
elated to  the  systemic  toxicity  of  local  anesthetics.  Despite
he development  of  effective  approaches  for  treating  these
omplications, such  as  the  use  of  lipid  emulsions, 21,22 the
se of  local  anesthetics  at  low  doses  promotes  a  blockade
ith an  anesthetic  mass  with  a  wide  range  of  safety  for  the
oxic dose.
The use  of  low  doses  of  local  anesthetic  provides  a  safer
lockade, with  less  risk  of  complications,  especially  those
elated to  the  systemic  toxicity  of  local  anesthetics.  Despite
he development  of  effective  approaches  for  treating  these
omplications, such  as  the  use  of  lipid  emulsions, 21,22 the
se of  local  anesthetics  at  low  doses  promotes  a  blockade
ith an  anesthetic  mass  with  a  wide  range  of  safety  for  the
oxic dose.
In summary,  this  study  shows  that  the  VE90  ultrasound-
uided ABPB  is  1.56  mL  of  0.5%  bupivacaine  with  1:200,000
pinephrine per  nerve.  This  corroborates  some  studies  show-
ng that  it  is  possible  to  obtain  peripheral  nerve  blocks
ith low  volumes  of  local  anesthetic.  Additional  studies  of
ose--response should  be  conducted  to  assess  the  inﬂuence
f bupivacaine  concentration  for  this  technique.
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